The objective of this study was to evaluate the digestibility, economic efficiency, and composition of breast muscle in broiler chickens fed with a diet containing corn oil as an alternative replacement to soybean oil. We evaluated feed digestibility, crude protein (CP), ethereal extract (EE), apparent metabolizable energy (AME), and apparent metabolizable energy corrected for nitrogen balance (AMEn) during two periods (17-21 and 31-35 days of age). An analysis of breast composition, feed cost (Yi), economic efficiency index (EEI), and cost index (CI) for live weight of the animal and carcass between the two oil sources was also carried out. The design was completely randomized in a 2×2 factorial design with two ingredients (soybean oil and corn oil) and two periods (17-21 and 31-35 days). Digestibility tests were performed with four replicates per treatment and two birds per pen, and tests of breast muscle composition were made with six replicates. There was an interaction between diet and age for digestibility of CP (P < 0.05), which was higher (P < 0.05) at 17-21 days using soybean oil. The digestibility of the feed was higher (P < 0.05) at 31-35 days compared to 17-21 days. The digestibility of EE was not affected (P > 0.05) by treatment or age. The use of corn oil resulted in higher (P < 0.05) AME in 17-21 day olds, and higher AME and AMEn in 31-35 day olds; there was no difference (P > 0.05) in AMEn among 17-21 day olds. In breast composition, there were no differences (P > 0.05) in deposition of EE. For CP level and dry matter (DM), corn oil showed better values, while for breast moisture, soybean oil resulted in higher levels of moisture compared to corn oil (P < 0.05). The economic viability analysis favored soybean oil. Our results suggested that corn oil can replace soybean oil in diets formulated with sorghum, since it has higher apparent metabolizable energy and resulted in better breast composition. Semina: Ciências Agrárias, Londrina, v. 37, n. 1, p. 429-438, jan./fev. 2016 Antunes, M. M. et al.
Introduction
Since the second half of the twentieth century poultry production has expanded, and this increase in production and efficiency has been mainly driven by the lower final cost of chicken meat compared to beef and pork, combined with the ease of packaging, transport, distribution, and exhibition of product (MENDES; SALDANHA, 2004) .
Brazil is among the three largest producers of poultry meat and since 2004, it has been the world's largest exporter. About 70% of the meat produced remains in the internal market, which proves the strength of this industry for the country. The per capita consumption of poultry meat in Brazil is about 39 kilograms per year (UBABEF, 2013) . However, this increase was only possible due to the parallel development of new knowledge in health, environment, genetics, and nutrition (RUTZ et al., 1999) .
In relation to poultry nutrition, industry progress has been due to a number of factors such as the introduction of the ideal protein concept for balancing diets rather balancing according to crude protein; the development of a larger number of food programs to meet special requirements during the production cycle besides the energy:protein ratio; the development and genetic improvement of grain and food processing; and food energy assessment using concepts such as apparent metabolizable energy (AME) and AME corrected for nitrogen balance (AMEn) (UNI, 1998) .
Knowledge of the chemical and energy composition of the ingredients used in feed is essential in order to produce diet programs with adequate nutritional levels that meet the requirements of the animals, without containing too much or too little energy, and that allow for maximum productivity (MELLO et al., 2009 ). The main concern in the preparation of feed for broilers is to provide the right amount of energy for the birds, and for this, we need to know the energy content of the foods and the amount of AMEn (FREITAS et al., 2006) .
Among the ingredients in feed, oils are responsible for providing readily available energy and essential fatty acids. They contain more energy than carbohydrates and they are used in diets to increase energy density. Adding oil to diets has a beneficial effect on the performance of broiler chickens, as shown by an improvement in growth rate, in nutrient uptake, and in metabolizable energy content (JUNQUEIRA et al., 2005) .
The factor that most influences the energy value of lipids is their digestibility, which is dependent on the length of the carbon chain, the degree of saturation, and the position of the fatty acids on the glycerol molecule (RENNER; HILL, 1961; DVORIN et al., 1998) . In addition to physical and chemical factors related to lipids, the correct evaluation of their true energetic contribution becomes extremely difficult in birds due to the physiological difficulty they have in digesting and using them during the first few weeks of life (ANDREOTTI et al., 2004) .
Furthermore, the addition of oil to the diet may have a high cost depending on the ingredients used. Generally, given the increasing monetary value of these ingredients, the tendency is to reduce their use in feed formulation, thereby reducing nutritional values and increasing the overall cost of production. Thus, it becomes necessary investigate the effectiveness of these oils and their cost in feed formulation.
Based on this background, the objective of this study was to evaluate the use of corn oil in sorghumbased broiler diets, as alternative to soybean oil, in order to compare the digestibility of vegetable oil sources, the chemical analysis of the chicken breast, and the economic viability of the feed.
Materials and Methods
Our experiments were conducted in accordance with ethical standards and approved by the Ethics Committee on Animal Use -CEUA-UFU, under research protocol number 116/13, at the Gloria Experimental Farm of the Universidade Federal de Uberlândia in the municipality of Uberlândia -MG, between November and December of 2013.
The birds were housed in a brick shed with dimensions of 60 × 10 m, with a metal frame and cement tiles, a concrete floor, short masonry walls, and wire mesh with a mesh of four square inches. The shed was internally equipped with 80 boxes, each measuring 1.90 × 1.50 m, fans, and foggers for temperature control, and internal and external avian curtains. Each pen was composed of a 20-kg tubular feeder, a pendulum-shaped drinker, and in each box there was an infrared bell jar. Shavings were used as bedding material.
Hubbard Flex line birds one day old were used in this experiment; they were purchased from a commercial hatchery from breeders from the same batch and had been incubated on the same machine under the same conditions.
The design was completely randomized in a 2 × 2 factorial design with two ingredients (soybean oil and corn oil) and two periods (17-21 and 31-35 days of age). The digestibility test was performed with four replicates per treatment and with two birds per pen, and the test of breast muscle composition was performed with six replicates per treatment.
All birds received drinking water (with 3-5 mg mL -1 of chlorine) and ad libitum feed, produced according to each treatment (Table 1) .
To evaluate digestibility, the birds were grown in two pens, with 19 females and 19 males in each pen, and fed a diet based on sorghum and soybean oil. At 14 and 28 days, 16 birds were selected by weight and placed in eight metabolism cages (one female and one male for each cage). At the moment of the transfer, the birds weighed 700 g (± 2.5%) at 14 days and 1700 kg (± 2.5%) at 28 days of age. The birds had remained in the cages during the periods from 14-21 days and 28-35 days, and were fed with a feed base of sorghum and soybean or corn oil, with a three day adaptation period (corn oil) (days 14-16 and 28-30) and a five day collection period (17-21 and 31-35 days). The starting and ending points were determined by the appearance of labeled excreta (1% Fe 2 O 3 added to the diets). Table 1 . Ingredients, percentages, and calculated values of broiler diets with sorghum and soybean meal + soybean oil or corn oil in the pre-starter (1-7 days), starter (8-21 days), grower (22-33 days), and finisher phases (34-42 days).
Ratio
Ingredients ( The metabolic cages were made of galvanized wire (50 × 50 cm), equipped with collective feeders and drinkers made of zinc. The birds received water and feed ad libitum.
In this procedure, feed intake was related to the excreta produced by the birds in each cage. Feed intake in grams was calculated as the difference between the amount of feed offered and the spare. Total excreta collection from each cage's tray was performed once a day, carefully removing feathers and other components in the paper tray. After each collection, the excreta were placed in labeled plastic bags, weighed for the quantification of excreta in grams, and frozen for storage and further analysis. In the laboratory, excreta were thawed and homogenized. Samples were removed and pre-dried in a forced ventilation oven at 55 °C for 72 h and then ground in a knife mill with a 1 mm sieve to perform analyses of dry matter, crude protein, and ethereal extract according to the recommended methodology of the Brazilian Compendium of Animal Nutrition (BRASIL, 2005) , and also analyses of gross energy by means of a calorimetric pump IKA-WERKE C2000 basic. Along with these analyses, we processed samples of the experimental diets for later calculation of digestibility: Digestibility = (Amount of nutrient ingested -Excreted) (Amount of nutrient ingested) × 100
From the gross energy of the excreta, we determined the values of apparent metabolizable energy (AME) and apparent metabolizable energy corrected by the nitrogen balance (AMEn) as described by Matterson et al. (1965) .
At 42 days, six male birds were selected from each treatment group, with weights close to the average weight of each pen (±5%), and slaughtered in accordance with existing rules and official procedures (BRASIL, 1998) so that the breast muscle could be removed for composition analysis.
The breast muscle cuts were analyzed in the animal nutrition laboratory of the Universidade Federal de Uberlândia (LAMRA). They were predried in a forced circulation stove at 55 °C for 72 h and then analyzed for dry matter, ethereal extract, and crude protein in accordance with the methodology proposed in the Brazilian Compendium of Animal Nutrition (BRASIL, 2005) .
To verify the economic viability of the feed, performance data on carcass efficiency achieved in this experiment were used to initially determine the cost of feed per kilogram of live weight gain (Yi) and feed cost per kilogram of carcass (Yi), according to the equation of Bellaver et al. (1985) :
where Yi is feed cost per kilogram of weight gain and/or carcass weight gain in the i-th treatment; Pi is price per kilogram of feed used in the i-th treatment; Qi is the amount of feed consumed in the i-th treatment; and Gi is the weight gain and/or carcass weight gain of the i-th treatment. The results of the diet cost and food consumption analyses were calculated separately for each phase of alimentation and subsequently summed. The price of each treatment was considered according to nutrient density. The prices of feed ingredients were raised in the market in December 2013 in Uberlândia, Minas Gerais, Brazil.
The economic efficiency index (EEI) and the cost index (CI), proposed by Fialho et al. (1992) , were calculated as follows:
where MCe is the lowest feed cost per kilogram gain observed between treatments, and CTei is the cost of treatment i.
The data were tested for normality and homogeneity and were later subjected to a variance analysis using the SISVAR® program, and the averages were compared by the Scott-Knott test at 5% probability.
Results and Discussion
When evaluating feed digestibility using different oils at different ages and the interaction between these two factors (Table 2) , it was observed that the choice of oil as well as the diet and age interaction had no significant differences (P > 0.05) between treatments. Both oils are considered as unsaturated sources and present a similar biochemical structure, and they exhibited statistically equal digestion rates (P > 0.05). Over this period, there was a significant difference (P < 0.05) in feed digestibility. After 31-35 days the birds showed higher rates of digestion compared to 17-21 days. These results show that the older birds can better digest the feed compared to younger birds. The reason may be related to better adaptation and maturation of the digestive system, as explained by Moran Júnior (1985) .
In the analysis of ethereal extract digestibility in the feed, there was no significant difference between treatments (P > 0.05) and no interaction of age × diet (P > 0.05). Therefore, the oils studied are digested similarly. Lesson and Summers (2001) state that the biochemical structure of the oils interferes with their digestibility, for example, the number of double bonds in the fatty acid, the carbon chain length, and if it is triglycerides or free fatty acid, which is confirmed by the results of this study.
The digestibility of EE is the same (P > 0.05) for the periods 17-21 and 31-35 days because the digestion of lipids depend on enzymes produced by organs of the digestive system, and at 17-21 days these organs may already be producing an amount of enzyme that does not affect their digestion.
In accordance with the results found in this study, Andreotti et al. (2004) evaluated fat digestibility from 22-30 and 42-50 days and found no difference in digestibility between these ages. Even though the time periods of this experiment are different, the similarity in results can be explained by both studies not comparing their results with results from the first week. Gaiotto et al. (2000) demonstrated that fat digestibility in broilers is lower only for the prestarter phase, being directly related to the reduced production of pancreatic lipase and bile salts by the birds at this stage.
For crude protein digestibility, there was a significant difference in the interaction between diet and age (Table 3) : in the 17-21 day old period, the digestion of CP was higher when soybean oil was used in the diet (P < 0.05). In the other period studied, there was no significant difference between the tested feeds (P > 0.05). When the digestibility of crude protein was similarly analyzed under each ingredient type there were also no significant differences between the different ages (P > 0.05). After 17-21 days, the AME of the diet containing corn oil was greater than the diet containing soybean oil (P < 0.05), but the AMEn was the same (P > 0.05) (Table 4 ). For 31-35 days, the AME and AMEn were both higher for corn oil (P < 0.05). Baião and Lara (2005) observed that corn oil has a lower gross energy value (9.390 kcal kg -1 ) compared to soybean oil (9.415 kcal kg -1 ). However, they add that values for AME and AMEn in corn oil (8.886 kcal kg -1 and 9.250 kcal kg -1 , respectively) are superior to soybean oil (8.790 kcal kg -1 and 9.200 kcal kg -1 , respectively). Regarding the relationship of metabolizable energy to CP digestibility, in this experiment we found better CP digestion and poorer AME in diets with soybean oil from 17-21 days, contradicting the results of Fagundes (2011) who found that the highest levels of metabolizable energy coincided with better protein digestibility.
The diets were formulated as isocaloric and the energetic value of the oils was considered equal; however, what is observed in the results is that corn oil provided a greater concentration of metabolizable energy in the initial and grower feed, so that there was an increase of 43 kcal kg -1 in the initial feed and 95 kcal kg -1 in grower feed as a result of the inclusion of corn oil.
In the breast muscle composition analysis, dry matter was higher in birds fed with diets containing corn oil (P < 0.05) ( Table 5) . What probably accounted for this difference was the protein content deposited in the breasts of the birds fed with this oil. The observed values of crude protein deposited in the breast muscle of poultry, 26.38% and 27.70% for diets with soybean oil and corn oil, respectively, do not coincide with the results obtained by Duarte et al. (2010) , who analyzed visceral oils of birds and degummed soybean/corn oil and their mixtures, and found no effect on the protein content.
Breast deposition of EE from the two lipid sources was significantly equal (P > 0.05), agreeing with Lara et al. (2006) who evaluated diets with degummed soybean oil, bird offal, soy acid, and mixtures of these oils, and found no difference between treatments in the deposition of fat in the breast. Ozdogan and Aksit (2003) , when analyzing the deposition of EE in the breast and thigh, concluded that this deposition is inversely proportional to the moisture content of the muscle, and that soybean oil in the diet leads to higher moisture content and lower EE when compared with sunflower oil. This relationship between moisture and EE concentration was not observed in our study, but we did note an inverse proportional relation between moisture content and protein.
According to Sanz et al. (2000) chickens fed with saturated fats have a higher fat deposition than those fed with unsaturated fats, but this experiment was carried out with oils that are considered rich sources of unsaturated fatty acids.
The feed cost per kilogram of live weight was different (P < 0.05), with corn oil diets showing worse values when compared to diets with soybean oil (Table 6 ). The indexes of economic efficiency and cost were also better for soybean oil (P < 0.05). The feed cost per kilogram of carcass (Table 7 ) was similar to the feed cost per kilogram of live weight, and like the indexes of economic efficiency and cost (P < 0.05), it was better for soybean oil. This shows that with respect to both body weight and carcass, the diet containing corn oil is more expensive in production. These values were calculated at the end of the experimental period (December 2013) and may change during the year due to market prices. The feasibility of the use of corn oil in animal production may make it possible to increase in the supply of energy supplements for use in animal feed, and thus increase the competitiveness of the market. Table 7 . Cost ratio (Yi) per kilogram of carcass (R$), economic efficiency index (EEI), and cost index (CI), according to the lipid sources used for broilers at 42 days of age.
DIET
Yi kg -1 CARCASS EEI (%) CI (%) SO 1 1.42a 100.00 100.00 CO 2 1.50b 94.04 106.34 VC (%) 2.13 P-value 0.0007 1 Feed based on sorghum and soybean oil; 2 Feed based on sorghum and corn oil. VC: variation coefficient. Means followed by different lowercase letters in a column differ from each other by the Scott-Knott test at 5%.
Conclusions
Corn oil can replace soybean oil in sorghumbased broiler chicken diets, thereby improving the apparent metabolizable energy value of feed and the levels of dry matter and crude protein in the breast muscles.
